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(54) Exhaust gas purifying catalyst 

(57) In an exhaust gas purifying catalyst, an add 
material with a high affinity with respect to an absori^ing 
agent is dispersed and mixed in a catalyst layer, to 
which the absorbing agent is added, or a layer of the 
acid material is formed inside the catalyst layer in order 
to prevent the at)sorbing agent from moving from the 
catalyst layer Into the carrier. This reduces the permea- 
tion of the absorbing agent added to the catalyst layer 
into a carrier, the evaporation and splash of the absorb- 
ing agent from the catalyst, and the deterioration in the 
durEd>inty and the exhaust gas purifying performance of 
the catalyst 
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Description 

BACKGROUN H OF THE INVENmONI 
Held of the Invention 

[0001] The present Invention relates generally to an 
exhaust gas purifying catalyst, and more particularly to 
an exhaust gas purifying catalyst that is able to keep a 
high purifying perfomnance. 

Description of Related Art 

[0(K>2) A lean combustion type engine such as a 
lean bum engine and a cylinder fuel injection type 
engine is run at a lean air-fuel ratio that is lean than a 
stoichiometricat air-fuel ratio, in a predetermined run- 
ning range in order to improve a fuel consumption char- 
acteristic and an exhaust gas characteristic. While the 
engine is run at the lean air-fuel ratio, a three way cata- 
lyst cannot satisfactorily purify NOx (nitrogen o>dde) in 
an exhaust gas. Therefore, it is well known that there is 
provkied an NOx catalyst that absorbs the NOx in the 
exhaust gas in an oxide atmosphere, and the NOx 
absorbed by this catalyst is reduced to N2 (nitrogen) in 
an reducing atmosphere to thereby reduce the amount 
of NOx discharged into the air. An example of such an 
occlusion-type lean NOx catalyst is disclosed in Japa- 
nese Patent Provisional Pubrication No. 9-85C^3, potas- 
sium (K) as one of alkali metals is added as an NOx 
absorbing agent to the catalyst in order to Improve an 
NOx absorbing performance. 

[0003] If. however, the NOx catalyst to which the 
potassium is added is used at a high temperature for a 
long period of time, the catalyst may be cracked. This 
results in the deterioration in the durability of the NOx 
catalyst 

[0004] In order to discover the cause of the deterio- 
ration in the durabifityp the inventors of the present 
inventton manufactured an NOx catalyst, in which 
potassium as one of alkali metals is added as an NOx 
al>sotbing agent to a catalyst layer held in a honeycomb 
cordierite carrier (a porous carrier), and conducted a 
bench test of an engine equipped with this NOx abso ris- 
ing agent and a running test of a vehicle provided with 
this engine. In the bench test and the vehicle running 
test, the engine and the vehicle were run under the con- 
ditk>n that the NOx catalyst was exposed to a high tem- 
perature of not less than 650^0 for a long period of time. 
After the running of the engine and the vehicle, an ele- 
ment analysis was conducted with respect to a cut sur- 
face of the NOx catalyst by an EPMA method (an 
electron beam probe micro part analysis method). As a 
result, it was found that a compound of KMg4Al9Sig036 
of potassium, magnesium, aluminum, silicon and oxy- 
gen and a compound KAlSi04 of potassium, aluminum, 
silicon and oxygen were present in a cordierite 
(Mg2Al4Sl5Q)8) l^^r of the catalyst 



[0005] According to tiie above tests, if the NOx cat- 
alyst is exposed to a high temF>erature, the potassium 
added to the catalyst layer (a wash coat) pemieates the 
cordierite carrier, and reacts with the cordierite in a 

5 high-temperature atmosphere. It can be considered that 
the potassium easily permeates the cordierite carrier 
because the potassium compound has a high water sol- 
ubiPity and a low fusing point When a compound with a 
different coeffk:ient of thermal expansion from the 

10 cordierite is fomned in the cordierite carrier, the cx>rdier- 
ite carrier is cracked with the change in a catalyst tem- 
perature during the use of the catalyst and before and 
after the use of the catalyst 

[0006] As stated above, the NOx catalyst including 
15 the potassium and the like as the absorbing agent is 
used in the oxide atmosphere. 

[0007] In the oxide atmosphere, the absorbing 
agent chemically reacts with nitrogen components and 
sulfur components in the exhaust ^s to thereby form a 

20 nitrate and a sulfate of the catalyst This deteriorates the 
NOx absorbing performance. The absorbing perform- 
arK:e can be racovered by forming the reducing atmos- 
phere around the NOx catalyst and dissoh^bg the 
nitrate and the sulfate. In this case, however, the purify- 

25 ing perfonnance may be deteriorated if the NOx catalyst 
is used at a high temperature for a long period of time. 
[0008] According to the results of the tests con- 
ducted l>y the inventors of the present invention, one of 
the causes of the deterioration in the purifying perfomn- 

30 ance is considered to t>e that the absorbing agent 
gradually evaporated and splashed from the NOx cata- 
lyst at a high temperature and therefore a considerable 
amount of the absort^ing agent is dissipated. More spe- 
cifically, the inventors of the present invention manufac- 

35 tured the NOx catalyst in whteh the catalyst layer 
including tiie potassium as the absorbing agent is held 
in the cordierite carrier, and found a potassium content 
of an unused NOx catalyst by an XRF mettiod (an X-ray 
fluorescence analysis method). Then, they found the 

4o potassium content of the catalyst after the use of the 
catalyst at a high temperature for a long period of time 
(e.g., at BSO^'C for 32 hours), emd then found the dissi- 
pated amount of the potassium t>y dividing a difference 
in the potassium content before and after the use of the 

4s cataly^, by the original potesslurn content Cortee- 
quently, the dissipated amount of the potassium was 
found to t>e dozens of % to 50%. 
[0009] It is therefore an object of the present inven- 
tion to provide an exhaust gas purifying catalyst that is 

50 able to significantiy reduce the degree to which the 
exhaust purifying performance is deteriorated due 
to the dissipation of the at^sorising agent 

NUMMARY OF THE INVENTION 

55 

[001 0] It is therefore an object of the present inven- 
tion to provide an exhaust gas purifying catalyst that 
able to ^gnificantly reduce the degree to which the 
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exhaust gas purifying performance is deteriorated due 
to the dissipation of the absorbing agent 
[0011] The above object can be acconrtpFished by 
providing an exhaust gas purifying catalyst which 
includes a canier and a catalyst layer and in which at 
least one of alkali metals and altcali earth metals is 
added as an absorbing agent to the catalyst layer, the 
exhaust gas purifying catalyst wherein: an inhibiting 
agent is provided in the catalyst layer in order to inhibit 
the movement of the absorbing agent in the catalyst 
This Inhibits the movement of the absorbing agent in the 
catalyst, and prevents the dissipation of the absorbing 
agent due to the evaporation, splash, etc. of the absort>- 
ing agent from the catalyst, and the deterioration in the 
exhaust gas purifying performance of the catalyst 
[0012] Preferably, the inhibiting agent Is dispersed 
and mbced in the catalyst layer, or is provided in a form 
of a layer in the catalyst Only diffusing and mbdng the 
inhibiting agent In the catalyst layer inhibits the move- 
ment of the catalyst, but the movement of the inhibiting 
agent can be surely prevented by providing the inhibit- 
ing agerrt In the form of the layer. 
[0013] Preferably, the inhibiting agent includes an 
acid oxide including at least one acid substance 
selected from transition elements of IV, V and VI groups 
and typical elements of IV, V and VI groups; a compos- 
ite oxide including the at least one add substance; and 
at least one material selected from a group composed 
of a material that never distuit>s a reactivity between a 
nitrogen oxide and the absorbing agent and a material 
that absori>s a reduced substance. In this case, the 
inhibiting agent may Include zeolite or Include an acid 
oxide comprised of at least one add substance among 
silica, titanium and tungsten. 

[0014] Preferably, the absorbing agent includes 
potassium, and the canier is comprised of a porous car- 
rier. 

[0015] Moreover, the layer of the inhibiting agent 
preferably comprises at least one of the following: a 
layer with a high acidity, a layer with a large specific sur- 
face, a layer with a small crystal lattice, a layer com- 
posed of an element compound with a heavy molecular 
weight, and a layer with a high basicity. 

BRIEF DESCRIPTION OFTHE DRAWINGS 

[0016] The nature of this invention, as well as other 
objects and advantages thereof, will be explained in the 
following with reference to the acconrpanylng drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures and wherein: 

Rg. 1 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a first embodiment of the 
present Invention; 

Rg. 2 is a view showing the affinity with respect to 
potassium of an acid material; 



Rg. 3 is a view showing a potassium content of a 
catalyst layer after an exhaust gas purifying catalyst 
is used at a high temperature for a long period of 
time; 

5 Rg. 4 is a view showing an NOx purifying efficiency 
of an exhaust gas purifying catalyst after the 
exhaust gas purifying catalyst is used at a high tem- 
perature for a long period of time; 
Rg. 5 is a partially-enlarged cross-sectional view 

10 showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a second embodiment of 
the present invention in the case where an acid 
material is composed of particles or blocks; 
Rg. 6 is a conceptual view showing a potassium fix- 

15 ing operation by a cation exchange ablRty of zeoRte; 
Fig. 7 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a third embodiment of 
the present Invention; 

20 Rg. 8 is a conceptual view for descr%>ing the state 
wherein a siftca layer is formed inside a pore of a 
cordierlte carrier, 

Rg. 9 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
25 fying catalyst according to a fourtii embodiment of 
the present invention; 

Rg. 10 Is a partlaDy-enlarged cross-sectional view 
showing a quarter of a shell In an exhaust gas puri- 
fying catalyst according to a fifth embodiment of the 
30 present invention; 

Rg. 1 1 is a conceptual view showing a potassium 
fixing operation by a cation exchange ability of zeo- 
nte, which constitutes an inhbltion layer of a cata- 
lyst in Rg. 1 0; 

35 Rg. 1 2 is a view showing a potassium content after 
a catalyst in Rg. 10 is used at a high temperature 
for a long period of time, compared with an original 
catalyst, a catalyst in Rg. 7 and a catalyst in Fig. 9; 
and 

40 Fig. 13 is a view showing an NOx purifying effi- 
dency after a catalyst in Rg. 10 Is used at a high 
temperature for a long period of time, compared 
with an original catalyst, a catalyst in Rg. 7 and a 
catalyst in Rg. 9. 

45 . 

DETAILED PESCRIPTtPN QFTHE PREFERRED 
EMBODIMENTS 

[0017] Preferred embodiments of an exhaust gas 
50 purifying catalyst according to the present Invention will 
be described herelnbelow. 

[0018] Rrst, a description will be given of the first 
and second embodiments wherein an inhibitor is dis- 
persed and mixed In a catalyst layer. 
55 [0019] The exhaust gas purifying catalyst is an NOx 
catalyst having an honeycomb cordierlte carrier com- 
posed of many cells. Rg. 1 shows a part of a cell in the 
corcfierfte carrier. The ceD of the cordierite canier 10 Is, 
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for example, quadrangular. A catalyst layer 20 is held on 
a surface of the cordierite carrier 1 0. The cordierite car- 
rier 1 0 is produced by; for example, mixing alumina pow- 
der, silica powder and magnesia powder so that the 
ratio therecrf can conform to the composition of a 
cordierite, diffusing the mixed powder in water, forming 
a solid content thereof in the shape of a honeycomb^ 
and sintering the honeycomb compact 
[0020] For example, the catalyst 20 Is fornied In a 
nr^ner descrft>ed below. Rrst, a slurry Including a 
noble metal such as platinum, an alkali meted or an 
alkali earth metal such as potassium (K) and barium (B) 
as an NOx at>sorbing agent, an acid material (an inhftsf- 
tor) 30 such as sIFicon (SO, and the like is prepsued. 
Then, the cordierite carrier 10 is immersed in the slurry, 
and is dried and sintered. Consequently; the add mate- 
rial 30 is mixed in the catalyst layer including the noble 
metal emd the alkali metal or the alkali earth metal. 
[0021] The NOx absorbing agent Is typically formed 
of potassium (K) or barium (Ba), but the present inven- 
tion is not restricted to this specific exannple. The NOx 
absoibing agent may be fomried of any Idnds of aDcali 
metals or alkali earth metals. The acid material (the 
inhibitor) 30 is typicaDy fonmed of siOca (silicon oxide), 
but as shown in Rg. 2, the oxide material 30 may be 
formed of any kinds of trans'rtion elements of IV, V and 
VI groups or typical elements (e.g., P, S, V, Or, As, Mb, 
Mo. W) of IV, V and VI groups. Preferably, the add mate- 
rial 30 has a high affinity with respect to the alkali metal 
or the alkali earth metal as shown in Fig. 2 (Fig. 2 shows 
the affinity with respect to the potassium for example). If 
a reactivity with respect to the NOx absori^ing agent is 
taken into consideration, the add material 30 prefera- 
bly siPicon (Si) or tungsten (W) in the case where the 
NOx at>sorfc)ing agent is formed of the potassium. Pref- 
erably, the acid material 30 never disturt>s the reactivity 
with reject to the NOx and the NOx absorbing agent 
[0022] The acid material 30 may be a composite 
materisU if ft has the affinity with respect to the NOx 
absorbing agent Therefore, the acid material 30 may be 
zeonte, whteh has a cation exchange ability equivalent 
to the affinity. 

[0023] The at>ove processing acquires an NOx cat- 
alyst in that the cordierite carrier 10 is coated with the 
catalyst layer 20. As is well known, the NOx catalyst is 
contained in a case through a cushioning material, and 
the case is arranged in an exhaust pipe of a lean txjrn 
internal combustion engine. 

[002^ The NOx catalyst absort^s NOx as nitrate in 
an exhiaust gas under the operatfon of catalyst species 
dispersed in the catalyst layer 20 while the engine is run 
at a lean air^el ratio. When the engine is run at a rich 
air-fuel ratio, the nitrate is dissolved, and the absort^ed 
NOx is reduced to nitrogen and is emitted from the NOx 
catalyst into the air. 

[O025] If the intemal conrtbustion engine provided 
with tiie NOx catalyst is mn for a long period of time, the 
NOx catalyst is exposed to a high temperature. If the 



NOx catalyst is a conventional NOx catalyst whose 
cordierite carrier is coated with a catalyst layer to whfch 
the potassium or the barium (hereinafter only referred to 
as the potassium) as the NOx catalyst is only added, the 

5 potassium moves to the cordierite carrier to react with 
siltoa components and the nke in the carrier to produce 
a compound and crack the cordierite carrier. This dsvn- 
ages the durabiPity of the NOx catalyst 
[0026] According to an elementary analysis by an 

to EPMA method, the NOx catalyst of tfie present embod- 
iment prevents the production of the compound of the 
potassium added to the catalyst layer 20 and the sIRca 
compor^ents of the cordierite carrier 10 even if the NOx 
catalyst is used at a high terrtp>erature for a long perfod 

75 of tuDe. This Is t>ecause the acid material 30 such as the 
silicon as well as the potassium is mixed in the catEJyst 
layer 20, and therefore the potassium is dispersed in 
and is attracted to add material partksles due to the 
affinity of the acid material 30 so that the potasshjm can 

2o desirably be held without moving in the catalyst layer 
20. 

[0027] When the potasdum content of the catalyst 
layer 20 was measured after the NOx catalyst was used 
at a high temperature for a long period of time, it was 
2S found that a considerable amount of potassium still 
remained in the catalyst layer 20 compared witii the 
case where the catalyst layer, in which the add material 
was not mixed, was used as in the prior art (indicated isy 
a broken line). 

30 [0028] Moreover, the reason why a considerable 
amount of potassium remains in the catalyst layer 20 is 
as follows. In tiie case of the conventional NOx catalyst, 
the nitrate of the potassium has a low fusing point, and 
thus, the potassium easily moves in the catalyst if it is 

55 exposed to a high temperature, and is easify evaporated 
and splashed due to a low boifing point of the potas- 
sium On the other hand, the NOx catalyst of the 
present embodiment reduces the evaporation and 
splash of the potassium due to the affinity with respect 

40 to the add material 30. and therefore, the potassium is 
steadily hekl in the catalyst layer 20. 
[0029] Particulariy if tiie catalyst layer 20 indudes 
zeofite as the add material 30, a more satisfactory 
result can be achieved since the zeolite has the cation 

45 exchange abifity. _ „ , ; 

[0030] More spedfbaOy, the NOx absorbing agent 
such as the potassium moving in the NOx catalyst may 
be fonized under the preserx^ of high-temperatura 
vapor. If the catalyst layer 20 indudes the zeolite, the 

50 NOx absorbing agent Is fixed as ions due to the cation 
exchange ability of an acid point on the zeolite as shown 
in Rg. 6, and this prevents the movement of the NOx 

absori^ing agent toward the carrier^.. 

[0031] The zeolite has a three-dimensional mesh 

55 structure, and has a large spedfic surface. Thus, the 
zeolite is capable of screening molecules. The NOx 
absoriDing agent such as the potassium Is highly dis- 
persed on the zeolite, and thus, further inhibits the 
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movement of the NOx absorbing agent into the canier. 
[0032] Even when the internal combustion engine is 
run at the lean air-fuel ratio, the exhaust gas includes a 
small amount of HC. The zeofite has an excellent per- 
formance to fix the NOx absorbing agent and absorb the s 
HC, and the HC absorbed onto the zeolite' promotes the 
dissolution of the nitrate and sulfate of the NOx absorb- 
ing agent More specifically; when the intemal combus- 
tion en^ne is run at the lesm air-fuel ratio, the zeolrte 
having the HC absorbing performance continuously dis- io 
soh/es the nitrate and sulfate of the NOx absorbing 
agent by using the small amount of HC included in the 
exhaust gas, thereby recovering the NOx absorbing 
performance of the catalyst 

[0033] The zeonte layer 1 50 may be formed of vari- is 
ous types of zeolite such as such as MFI type, Y type, X 
type, mordenite and ferriefite. It is necessary to select 
zeonte which conforms to the composition of the 
exhaust gas in view of the structure relevancy with an 
absorption HC specie. 20 
[0034] The cation exchange abifity and the heat- 
resisting performance of the zeolite depend on the com- 
position of the zeoPite. More specifically, the cation 
exchange ability is in inverse proportion to a ratio 
S]02/A102 of the zeolite, and the heat-resisting per- 2S 
formance is in proportion to this ratio. Therefore, 
irtcreasing this ratio as much as possible improves the 
heat-resisting performance of the catalyst, and decreas- 
ing the ratio reduces the dissipated amount of the NOx 
absorbing agent when the catalyst is used at a high 30 
temperature for a long period of time. 
[0035] As stated above, the exhaust gas purifying 
catalyst of the present invention can steadily hold the 
NOx absorbing agent such as potassium In the catalyst 
layer 20 without moving and splashing it This prevents 3S 
the production of a compound with a different coefficient 
of thenmal expansion from that of the cordierite canier 
10 in the cordierite canier 10 to tiiereby prevent the 
crack of the cordierite canier 1 0, which results from the 
production of the compound, and improve the durabilrty 40 
of the exhaust gas purifying catalyst This maintains the 
excellent exhaust gas purifying performance. 
[0036] When the NOx purifying efticiency of the 
NOx catalyst was checked after the NOx was used at a 
high temperature for a long period of time, it was found 4S 
that the present inventk>n maintained the higher NOx 
purifying efficiency regardless of the catalyst tempera- 
ture as indicated by a solid Qne in Rg. 4 compared with 
the case where the catalyst layer, in which the add 
material was not mixed, was used as in the prior art so 
(indteated by a broken line). 

[0037] One of substances for deteriorating this puri- 
fying perfomnance of the NOx catalyst is a sut^te conn- 
prised of sulfur components. The exhaust gas purifying 
catalyst of the present invention can diverse and hold ss 
the NOx absorbing agent such as potassium in the cat- 
alyst layer 20, and this prevents the growth of such a 
sulfate. 
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[0038] In the above-described first embodiment, the 
add material 30 is mixed as fine powder in the catalyst 
layer 20, but the ackf material 30 may be relatively large 
parteles or blocks if It Is mbced in the catalyst layer 20. 
The present Invention can be applied favorably to such 
a case (the second erhbodimertt). 
[0039] In the above-described first embodiment, the 
honeycomb cordierite canier is used as a porous car- 
rier, but the present invention can also be appHed to an 
exhaust gas purifying catalyst provided with a canier 
formed of material other than the cordierite. The use of 
a metal carrier prevents the splash of the absorbing 
agent and prevents the deterioration of the exhaust gas 
purifying performance of the catalyst, although the pre- 
vention of the pemneation of the NOx absorbing agent 
into the carrier is neariy out of question. The honey- 
comb cordierite carrier is used, the cells thereof are not 
only quadrangular but also triangular and hexagonal. 
[0040] There will now be described the first through 
fifth embodiments of the structure in whbh a layer of the 
acid material is formed In the catalyst layer. 
[0041] As is the case with the first embodiment, an 
exhaust gas purifying catalyst of the third through fifth 
emt>odiments has a honeycomb (monolith) cordierite 
canier composed of many cells. Fig. 7 shows a part of a 
cell in the cordierite canier. For example, the cells of a 
cordierite carrier 110 are quadrangular. A surface of the 
cordierite carrier 110 is coated with a siHca layer 120, 
and a catalyst layer 130 is held on a surface of the silica 
layer 120. Potassium (K) and barium (Ba) are added as 
an NOx abspibing agent to the catalyst layer. The silk:a 
layer 120 functions as an inhibition layer for inhibiting 
the permeation of the potassium into the cordierite car- 
rier 110 (more generally, a porous carrier). 
[0042] The cordierite carrier 1 1 0 is produced t^y, for 
example, mixing alumina powder, silica powder and 
magnesia powder so that the ratio thereof can conform 
to the composition of a cordierite; diffusing the mixed 
powder In water; forming a solid content thereof in the 
shape of a honeycomb; and sintering the honeycomb 
compact 

[0043] For example, the silica layer 120 is formed 
on the surface of the cordierite carrier 1 1 0 in a manner 
described bekyw. Rrst, water-soluble salt of a siricon 
compound is diluted by water to prepare an aqueous 
solution with a predetermined cortcentration, and the 
cordierite carrier 110 is immersed in the aqueous solu- 
tion. The aqueous solution of salt of the sOk>on com- 
pound is at>sofbed into the surface and a surface layer 
of the cordierite earner 110 due to the hydrophilia of the 
cordierite 110. Then, the cordierite carrier 110 is dried 
to evaporate the water content, and the salt of the sili- 
con compound is absorbed Into the surface and the sur- 
face layer of the cordierite canier 110. When the 
cordierite canier 110 is heated, the salt of the silicon 
compound is dissolved to fomi the silica layer 120 on 
the surface of the cordierite cairrier 110. In short, the 
cordierite carrier is coated with the silica layer 120. 
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[0044] An optimum concentration of the aqueous 
solution of salt of tiie sincbn compound used for the for- 
mation of the slfica layer 120 is mainly changed accord- 
ing to the hydrophiiic characteristic of the cordierite 
carrier 110. 

[0045] Accordingly, tiie elementary analysis is pref- 
erably performed with respect to the surface layer of the 
cordierite carrier by the EPMA method or the like in 
order to confirm a relationship t>etween the concentra- 
tion of the aqueous solution and the coated state in 
advance. Rnding the optimum concentration of the 
aqueous solution of the saft of the silicon compound in 
advance acquires the optimum coated state that 
ensures the adhesiveness l>etween the cordierite ceur- 
rier and the catalyst layer, and prevents the permeattion 
of the potassium into the ^Rca layer. For example, the 
catalyst layer 130 is formed on the surface of the silica 
layer 120 in a manner described below. First, a slurry 
Including powder that is mainly composed of noble 
metal such as platinum, an alkali metal such as the 
potassium, and an alkali earth metal such as barium is 
prepared. Then, the cordierite carrier 110 coated with 
the siHca layer 120 Is immersed in the slurry and is dried 
and sintered. 

[0046] This obtains an NOx catalyst in which the 
cordierite carrier 1 10 is coated with the catalyst layer 
130 through the silica layer 120. As is weO kriown, this 
NOx catalyst is contained In a case tiirough a cushk>n- 
ing member, and is arranged In an exhaust pipe of a 
lean combustion internal combustion engine. 
[0047] This NOx catalyst absortjs NOx as nitrate as 
in exhaust gases under the operation of catalyst spe- 
cies cfispersed iri the catalyst layer 130 while the engine 
is mn at a lean air-fuel ratio. While the engine is run at a 
rich air-tuel ratio, the NOx catalyst dssoives the nitrate 
and reduces the absorbed NOx to nitrogen, which is 
emitted from the NOx catalyst into the air. 
[0048] If the intemal combustion engine provkJed 
with the NOx catalyst is run for a long perfod of time, the 
NOx catalyst is exposed to a high temperature. If the 
NOx catalyst is a conventional NOx catalyst whose 
cordierite carrier is coated with a catalyst layer to whteh 
the potassium is added, the potassium moves to the 
cordierite carrier to react with siRcon and the like In the 
carrier to produce a compound and crack the cordierite 
canier as described previously. This damages the dura- 
bilhy of the NOx catalyst According to the elementary 
analysis by the EPMA method, the NOx catalyst of the 
present embodiment prevents the production of the 
compound of the potassium added to the catalyst layer 
20 and the siHca components of the cordierite carrier 1 0 
even if the NOx catalyst Is used at a high temperature 
for a long period of tjnfie. This js because the silica layer 
120 prevents the potassium from moving from the cata- 
lyst layer 130 into the cordierite carrier 110. Since a 
compound witti a different coefficient of thenmal expan- 
sion from tiie cordierite carrier 110 Is not produced In 
the cordierite canier 1 1 0, the cordierite carrier 110 can 
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be prevented from being cracked due to the production 
of such a compound 

[0049] There will now be described an exhaust gas 
purifying catalyst according to the fourth embodiment of 

5 the present invention. 

[0050] As shown In Rg. 9, the exhaust gas purifying 
catalyst of the fourtii embodiment is dtfferent from that 
of the third emt)odimerTt in that a titania layer 1 40, whtoh 
is comprised mainly of a titanium dioxWe (TiOg), is 

10 fonned as an inhibition layer instead of tiie sinca layer 
1 20. Otherwise, the exhaust gas purifying catalyst of the 
present embodiment has the same structure as that of 
tiie third embodiment The exhaust gas purifying cata- 
lyst of the present embodimenit can be manufactured in 

75 substsmtially the same manner as that of the third 
embodiment 

[0051] According to the elementary analysis by the 
EPMA method, the exhaust gas purifying catalyst of the 
present ennbodiment in whbh the titania layer is fomied 

so between the cordierite carrier 110 and the catalyst layer 
130, the potassium added to the catalyst layer 130 is 
prevented from permeating the cordierite carrier 110 
even if the catalyst is used at a high temperature for a 
long period of time. Since the permeation of the potas- 

25 slum is prevented, the exhaust gas purifying catalyst of 
the present embedment has an excellent durability, and 
reduces the loss of the potassium from the catalyst layer 
130 for the same reason as is the case with the since 
layer. 

30 [0052] There will now be described an exhaust gas 
purifying catalyst according to the fifth embodiment d 
the present invention. 

[0053] As shown in Rg. 10, the exhaust gas purify- 
ing catalyst of the fiftti embodiment is different from that 

- _ # - --L ?__» 1 R * ^^^%U.^ I^.^o •! Cf\ S<* 
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fonned as an inhibition layer, instead of the silica layer 
120. Otherwise, the exhaust gas purifying catalyst of the 
present embodiment has the same structure as that of 
the third embodiment The exhaust gas purifying cata- 
40 lyst of the present embodiment can be manufactured in 
substantially the same manner as that of the third 
emt>odiment 

[0054] When the zeolite layer 150 Is fonned In the 
cordierite carrier 110, zeoPite components may be dis- 

45 parsed in an aqueous dispersing agent as is the case 
witi) the third embodiment, but tiie zeolite components 
may be dispersed may also t>e dispersed In m organic 
dispersing agent It is possible to use an underwater 
dispersed matter (sol) and an electrified dlfhjsing solii- 

5o tion (coQoid) of a hydrate of silica, alumina or the like. 
[0055] In tiie catalyst of ttie present embodiment 
provkled with.the zeonte layer 1 50 as the Inh&ltton layer, 
the zeoRte layer 150 has an acid point with a cation 
exchange ability, and has an excellent abiliiy to fix an 

55 absorbing agent (potassium in the present embodi- 
ment). The absorbing agent moving in the catalyst may 
be ionized under the presence of vapor at a high tem- 
perature. As shown In the conceptual drawing of Rg. 1 1 , 
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the absorbing agent such as the potassium is fixed as 
ions due to the cation exchange ability of the acid point 
on the zeofite layer 150. The zeolfte layer 150 has a 
large specific surface due to its three-dimensional mesh 
structure. The potassium is highly dispersed on the zeo- 
lite that Is constructed In the above-mentioned manner, 
and this makes it difficult for the potassium to pemieate 
the cordierite carrier 110. The zeolite layer 150 has an 
excellent abifity to absorb a reduced substance (e.g., 
reduced gas such as HC). Even when the internal conv 
bustion engine Is run at the lean air-fuel ratio, the 
exhaust gas Includes a slight amount of HC, and the HC 
absorbed onto the zeolite layer 150, which is capable of 
absorbing HC, fadfrtates the dissolutbn of the nitrate 
and the sulfate of the potassium. More specifically, the 
zeofrta layer 150 continuously dissolves the nitrate and 
the sulfate by using the slight amount of HC included in 
the exhaust gas in order to recover the NOx absorbing 
performance of the catalyst 

[0056] The zeofite layer 1 50 of the present embodi- 
ment does not Include any catalyst substances such as 
noble metal (e.g., platinum), and therefore, the platinum 
and the like do not take a catalytic action in the zeolite 
layer 150. Thus, there is no chemical reaction between 
the potassium fixed to the zeolite layer 1 50 and the SOx 
in the exhaust gas. This decreases the consumption of 
the absorbing agent with this chemical reaction, and 
maintains a high NOx absorbing perfonnance of the cat- 
alyst 

[0057] The zeofite layer 150 may be formed of vari- 
ous types of zeofite such as MR type, Y type, X type, 
mordenite and ferrieBte. In this case, zeolite conforming 
to the conrtposition of the exhaust gas is selected in view 
of the structure relevancy with the absorption HC spe- 
cie. 

[0058] The cation exchange ability of the zeofrte is 
in inverse proportion to a ratio Si02/A102 of the zeofrte, 
and the heat-resisting performance of the zeolite is in 
proportion to this ratio. Therefore, this ratio Is increased 
as much as possible in order to improve the heat-resist- 
ing performance according to the present embodiment 
Preparing the components of the zeolite in such a way 
as to decrease the ratio Si02/A1 02 makes it possible to 
improve the absorbing agent acquisftlon performance of 
the zeolite. This reduces the dissipated amount of the 
absorbing when the catalyst is used at a high tempera- 
ture for a long period of time. 

[0059] In order to evaluate the durability and the 
absorbing agent dispasslon preventing performance of 
the exhaust gas purifying catalyst according to the 
present embodiment in whbh the zeofite layer 150 was 
formed between the cordierite carrier 110 and the cata- 
lyst layer 1 30, an NOx catalyst in whtoh the zeolite was 
provided as an inhlbitbn layer between the catalyst 
layer, to which the absori^ing agent including the potas- 
sium was added, and the cordierite canier was manu- 
factured, and the potassium content of an unused NOx 
catalyst was found by an XRF method. Moreover, a 



bench test and a vehicle running test were conducted 
with respect to an engine provided with the NOx cata- 
' lyst As a result, the potassium content of the NOx cata- 
lyst that was used at a high tenrperature for a long 

5 period of time was found, and the dissipated amount of 
the potassium was found by dividing a difference In the 
potassium content t>efore and after the use of the NOx 
catalyst was found as the potassium tyy the original 
potassium content 

10 [0060] Rg. 12 shows the result of an experiment 
conducted with respect to the catalyst of the present 
emtx>diment having the zeolite layer 150 and the results 
of experiments conducted with respect to an original 
catalyst in which the catalyst layer is held on the carrier, 

15 the catalyst of the third embodiment having the sifica 
layer 120 and the catalyst of the fourth embodiment 
having the titania layer 140. 

[0061] As shown in Rg. 12, the dissipated amount 
of the potassium in the original catalyst was dozens of 

20 % to 50%, whereas the dissipated amount of the potas- 
sium in the catalyst of the present embodiment was ten 
plus several %. This means that the dissipated amount 
of the potassium as the absorbing agent from the cata- 
lyst can signifbantly be reduced. The dissipated amount 

25 of the potassium In the catalyst of the third and fourtii 
emt>odiments was twenty pliis seversd %. 
[0062] As is the case with the third and fourth 
embodiments, the catalyst of the present embodiment 
was subjected to a bench test and a vehicle running 

30 test, and then, an elementary analysis was conducted 
with respect to a cut surface of the catalyst by the EPMA 
method. As a result, it was found that the potassium 
added to the catalyst layer 1 30 was prevented from per- 
meating the cordierite carrier 110 even if the catalyst 

35 was used at a high temperature for a long period of time. 
[0063] It should be understood, however, that there 
is no intention to limit the Invention to the specific fonrts 
disclosed, but on the contrary, the invention is to cover 
all modifications. 

40 [0064] For example, the honeycomb cordierite car- 
rier is used as a porous carrier in the above embodi- 
ments, but the present invention can also be applied to 
an exhaust gas purilying catalyst provided with a carrier 
formed of material other than the cordierite. The use of 

45 a metal carrier prevents the splash of the absorbing 
agent and prevents the deterioration of the exhaust gas 
purilying performance of the catalyst, although the pre- 
vention of the permeation of the NOx absorbing agent 
into the carrier Is neariy out of question. The honey- 
so comb cordierite canier is used, the shells thereof are 
not only quadrangular but also triangular and hexago- 
neJ. 

[0065] The silica layer 120. which is comprised 
. mainly of silicon dioxide, constitutes the Inhibition layer 
55 according to the third embodiment; the titania layer, 
which is mainly comprised of titanium dioxide, consti- 
tutes the Inhibition layer according to the fourth embod- 
iment; and the zeolite layer 1 50 constitutes the Inhbltion 
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layer according to the fifth embocTiment The compo- 
nents of the inhibition layer, however, should not be 
restricted to the sificon dioxide, the titanium dioxide and 
thezeoRte. 

[0066] More specifically; the inhibition layer may be 
composed of a layer with a high acidity by using other 
acid material than the sificon oxide. The habiting layer 
may also be coniposed of a layer with a high basicity, 
which Is mainly comprised of basic materials (e.g., aOcedi 
metal such as barium (Ba) and barium oxide (BaO). 
instead of the titanium oxide. Moreover, the Inhibition 
layer may be composed of a layer with a large ^ecific 
surface, which is comprised mainly of a material with a 
large spedfic surface such as zeoTite; a layer composed 
of an element compound with a heavy molecular 
weight, which is comprised mainly of a stable basic 
material with a heavy molecular weight such as a bar- 
ium sulfate; and a layer with a smaD crystal lattice. 
[0067] In a wide sense, the present invention can 
form the inhft>ition layer from an acid oxide irwiluding an 
acid substance; a composite oxide including an add 
substance; and a material that never disturbs a reactiv- 
ity between a nitrogen oxide and said absorbing agent; 
and a material that absorbs a reduced sut>stance. The 
acid substance may indude at least one hnaterial 
selected from transition elements of IV, V and Vi groups 
and typical elements of IV, V and VI groups. 
[0088] According to the third through fifth embodi- 
ments, one inhibition layer 120, 140 or 150 Is formed on 
the extemal surface of the carrier 110 between the car- 
rier 1 1 0 and the catalyst layer 1 30, but the number and 
position of Inhibition layers should not be restricted to 
this. For example, one inhibition layer may be formed on 
the extemal surface of the catalyst layer. In the case of 
a catalyst with a plurality of catalyst layers, one or more 
inhibition layers may be formed at least one position 
between the carrier and the catalyst layer, Inside the 
catalyst layer or on the extemal surface of the catalyst 
layer. 

Claims 

1. An exhaust gas purifying catalyst which includes a 
carrier (1 0, 1 10) and a catalyst ^er (20, 1 30) and 
in which at least one of alkali rnetal and alkali earth 
metal is added as an absorbing agent to said cata- 
lyst layer, said exhaust gas purnying catalyst 
wherein: 

an inhibiting agent (30, 120, 140, 150) is pro- 
vided in said catalyst layer In order to inhibit a 
movement of said absorbing agent in said cat- 
alyst. 

2. An exhaust gas purifying catalyst according to 
dalm 1, wherein: 

said inhibiting agent (30) Is dispersed and 



mixed in said catalyst layer (20). 

3. An exhaust gas purifying catalyst according to 
dalm 2, wherein: 

5 

said inhibiting agent (30) Indudes an acid oxide 
induding at least one acid substance selected 
from transition elements of tV, V and VI groups 
and typical elements of IV, V and VI groups a 

10 composite oxide Induding said at least one 

add sut>stance; and at least one material 
' selected from a group composed of a material 
that never disturbs a reactivity between a nitro- 
gen oxide and said absorbing agent smd a 

15 material that at>sort>8 a reduced $ut>stance. 

4. An exhaust gas purifying catalyst according to 
daim 2, wherein: 

20 said inhibiting agent (30) indudes zeolite. 

5. An exhaust gas purifying catalyst according to 
daim 2, wherein: 

2S said inhibiting agent (30) includes an acid oxide 

comprised of at least one acid substance 
among silica, titanium and tungsten. 

6. An exhaust gas purifying catalyst according to 
30 daim 2, wherein: 

said absorbing agent includes potassium; and 
said carrier (10) is comprised of a porous car- 
rier. 

35 

7. An exhaust gas purifying catalyst according to 
daim 1, wherein: 

said inhibiting agent (120, 140, 150) Is provided 
40 in a fonrn of a layer in said catalyst layer (1 30). 

8. An exhaust gas purifying catalyst according to 
dalm 7, wherein: 

45 the l^er of said inhibiting agent (1 20, 1 40. 1 50) 

Is formed at least one podtion among the fol- 
lowing positions: a position between said car- 
rier (110) and said catalyst layer (130), In said 
catalyst layer (130), and an extemal surfece of 

so said catalyst \ayer (1 30). 

9. An exhaust gas purifying catalyst according to 
dalm 7, wherein: 

55 the ^r of said Inhibiting agent (120, 140, 150) 

comprises an acid oxide Induding at least one 
add substance selected from transition ele- 
ments of IV, V and VI groups and typical ele- 
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ments of IV, V and VI groups; a comp>osite 
oxide including said at least one acid sub- 
stance; and at least one material selected from 
a group composed of a material that never dis- 
turt>s a reactivity between a nitrogen oxide and 5 
said absorbing agent and a material that 
at>sort)S a reduced substance. 

10. An exhaust gas purifying catalyst according to 
claim 7, wherein: 10 

said inhibiting agent (120, 140. 150) Includes 
zeoFfte. 

11. An exhaust gas purifying catalyst according to is 
claim 7, wherein: 

said inhibiting agent (120, 140, 150) includes 
an add oxide comprised of at least one add 
substance among sirica, titanium and tungsten. 20 

12. An exhaust gas pur^ng catalyst according to 
claim 7, wherein: 

said absorbing agent indudes potassium; and 2S 
said carrier (1 10) is comprised of a porous car* 
rier. 

13. An exhaust gas purifying catalyst according to 
claim 7, wherein: 30 

the layer of said inhibiting agent (120, 140, 150) 
comprises at least one of the following: a layer 
with a high addlty. a layer with a large specific 
surface, a layer with a small crystal lattice, a as 
layer composed of an element compound with 
a heavy molecular wel^t, and a l£^er with a 
high basicity. 



zeolite. 

16. An exhaust gas purifying catalyst according to 
daim 8, wherein: 

said inhibiting agent (120, 140, 150) Indudes 
an acid oxide comprised of at least one add 
substance among sifica, titanium and tungsten. 

17. An exhaust gas purifying catalyst according to 
daim 8, wherein: 

said absorbing agent includes potassium; and 
said carrier (1 1 0) is comprised of a porous car- 
rier. 

18. An exhaust gas purifying catalyst according to 

daim 8, virhenein: 

the layer of said inhibiting agent (120, 140, 150) 
comprises at least one of the following: a layer 
with a high acidity, a layer with a large specific 
surface, a layer with a small crystal latdce, a 
layer composed of an element compound with 
a heavy molecular weight, and a layer with a 
high basldty. 

19. An exhaust gas purifying catalyst according to 
daim 12, wherein: 

the layer of said Inhibiting agent (1 20, 1 40, 1 50) 
comprises at least one of the folbwing: a layer 
with a high acidity, a layer with a large specific 
surface, a layer with a small crystal lattice, a 
layer composed of an element compound with 
a heavy molecular weight, and a layer with a 
high basldty. 



14. An exhaust gas purifying catalyst according to 
claim 8, wherein: 



40 



the layer of said Inhibiting agent (1 20, 1 40, 1 50) 
comprises an add oxide Induding at least one 
acid substance selected from transition ele- 
ments of IV, V and VI groups and typical ele- 
ments of IV, V and VI groups; a composite 
oxide induding said at least one acid sub- 
stance; arKi at least one material selected from 
a group composed of a material that never dis- 
turbs a reactivity between a nitrogen oxide and 
said absorbing agent and a material that 
absoriDS a reduced substance. 



45 



50 



15. An exhaust gas purifying catalyst according to ss 
claim 8, wherein: 



said inhibiting agent (120, 140, 150) Includes 
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